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Title of the Invention: 

Formation process of insulation oxide film and 
semiconductor device having the same 

Abstract 

[Object] To. provide a process for forming an insulation 
oxide film having a high isolation voltage and small leakage 
current and permitting injection of a large electric charge 
amount and also to provide a semiconductor device having an 
insulation oxide film having a high isolation voltage and small 
leakage current and permitting injection of a large electric 
charge amount . 

[Constitution] The process for forming an insulation oxide 
film according to the present invention comprises heating a 
semiconductor substrate in a weakly oxidizing gas atmosphere 
composed of an inert gas, water and hydrogen free radicals or a 
weakly oxidizing gas atmosphere composed of an inert gas, 
water, hydrogen free radicals and hydrogen, thereby forming an 
insulation oxide film on the surface of said substrate. The 
semiconductor device according to the present invention 
comprises an insulation film- formed by the above -described 
process. 
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[Claims] 

[Claim 1] A process for forming an insulation oxide film, 
which comprises heating a semiconductor substrate in a weakly 
oxidizing gas atmosphere composed of an inert gas, water and 
hydrogen free radicals or a weakly oxidizing atmosphere 
composed of an inert gas, water, hydrogen free radicals and 
hydrogen, thereby forming the insulation oxide film on a 
surface of said substrate. 

[Claim 2] A process according to claim 1, wherein said 
weakly oxidative gas has been formed by bringing a gas mixture 
of the inert gas, oxygen and hydrogen into contact with a 
catalyst having hydrogen activating action. 

[Claim 3] A process according to claim 2, wherein said gas 
mixture contains hydrogen at a concentration of at least twice 
as much as that of oxygen. 

[Claim 4] A process according to any one of claims 1 to 3 , 
wherein said weakly oxidative gas contains water at a 
concentration ranging from 1 ppb to 10%. 

[Claim 5] A process according to claim 4, wherein said 
weakly oxidative gas contains water at a concentration ranging 
from 1 ppm to 1%. 
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[Claim 6] A process according to any one of claims 1 to 5, 
wherein the insulation oxide film is formed at a temperature 
not greater than 1050°C. 

[Claim 7] A process according to claim 6, wherein the 
insulation oxide film is formed at a temperature within a range 
of from 500 to 1000°C. 

[Claim 8] A process according to any one of claims 2 to 7, 
wherein the gas mixture and the catalyst are brought into 
contact at 200 to 600°C. 

[Claim 9] A semiconductor device comprising an insulation 
oxide film formed in a process as claimed in any one of claims 
1 to 8. 

[Claim 10] A semiconductor device according to claim 9, 
wherein said insulation oxide film is a gate oxide film of an 
MOS semiconductor. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates to a 
process for forming an insulation oxide film and in particular, 
relates to a process which is capable of forming an insulation 
oxide film having excellent insulation properties in a weakly 



oxidizing atmosphere using, an inert gas,, water and hydrogen 
free radicals (and selectively, hydrogen) . 
[0002] 

[Background Art] The below-described techniques are known as a 
conventional process for fabricating a semiconductor device 
having an oxide film formed on a semiconductor substrate 
thereof . 

[0003] 1) Dry oxidation technique: 

A technique for forming an oxide film in a 100% oxygen 
atmosphere - 

[0004] 2) Wet oxidation technique: 

A technique for forming an oxide film by using a gas 
mixture of oxygen and water obtained by subjecting hydrogen to 
combustion in an oxygen atmosphere of at least 700 °C and 
generating water vapor. 

[0005] Both of the above-described conventional techniques, 
that is, dry oxidation technique and wet oxidation technique 
are however accompanied with problems. Described specifically, 
the oxide film formed in accordance with either one of these 
processes has the following problems: 

® a low isolation voltage, 

(D a large leakage current, and 
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(D a large electric charge amount to be injected. 
[0006] 

[Problems to be Solved by- the Invention] With the above- 
described conventional problems in view, the present invention 
has been completed. An object of the present invention is to 
provide a process for forming an insulation oxide film, which 
is capable of forming, on a semiconductor substrate, an 
insulation oxide film which has a high isolation voltage and a 
small leakage current and permits injection of a large electric 
charge amount . 

[0007] Another object of the present invention is to 
provide a semiconductor device having an insulation oxide film 
having a high isolation voltage and a small leakage current and 
permitting injection of a large electric charge amount. 

[0008] 

[Means for Solving the Problems] In one aspect of the present 
.invention, there is thus provided a process for forming an 
insulation oxide film, which comprises heating a semiconductor 
substrate in a weakly oxidizing gas atmosphere composed of an 
inert gas, water and hydrogen free radicals or a weakly 
oxidizing atmosphere composed of an inert gas, water, hydrogen- 
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free radicals and hydrogen, thereby forming the insulation 
oxide film on a surface of said substrate. 

[0009] In another' aspect of the present invention, there is 
also . provided a semiconductor device having an insulation oxide 
film -formed in accordance with the above-described process . 

[0010] 

[Functions] The effects of the present invention will next be 
described together with the findings and the like obtained upon 
completion of the present invention. 

[0011] v The present inventor fundamentally checked the 
conventional oxide film forming techniques and tried to find a 
cause for the following drawbacks: 

(D a low isolation voltage, 

(2) a large leakage current, and 

(D a small electric charge amount to be injected. 

[0012] As a result of various experiments conducted in 
repetition, the inventor came to think that the isolation 
voltage, leakage current and electric charge amount to be 
injected are affected by an oxidation rate upon formation of an 
insulation oxide film. Based on such an idea, many experiments 
were carried out furthermore. As a result, it has been 
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confirmed that a good insulation oxide film, that is, an 
insulation oxide film having a large isolation voltage and a 
small leakage current and permitting injection of a large 
electric charge amount is not available at a high oxidation 
rate. 

[0013] It is presumed, on the other hand, that in the 
conventional oxidation techniques, oxidation under an oxygen- 
excessive atmosphere brings about a high oxidation rate, which 
causes the above-described drawbacks (D to ®. 

[0014] The present inventor repeated experiments based on 
the above-described presumption and confirmed that the above- 
described defects can be overcome simultaneously by forming an 
oxide film in a weakly oxidizing gas atmosphere composed of an 
inert gas, water and hydrogen free radicals or a weakly 
oxidizing atmosphere composed of an inert gas, water, hydrogen 
free radicals and hydrogen. 

[0015] It is not essentially elucidated why the above- 
described defects can be overcome by the formation of an oxide 
film in such a gas atmosphere. A proper oxidation rate is 
however presumed to be brought about by the absence of an 
excessive amount of oxygen and reducing action of hydrogen free 
radicals. 
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[0016] Moreover, the action of the inert gas is not clear, 
but judging from the fact that the above-described properties 
of the insulation oxide . film are not always improved under the 
absence of an inert gas, the inert gas is presumed to 
contribute to the adjustment of the oxidation rate. 

[0017] Incidentally, the hydrogen free radicals have also 
effects for terminating a dangling bond existing in the 
semiconductor and such action also contributes to an 
improvement in the properties of the insulation oxide film. 

[0018] 

[Mode for Carrying out the Invention] The examples of the 
present invention will hereinafter be descried. 

[0019] (Weakly oxidative gas) In the present invention, it 
is preferred to use a weakly oxidative gas formed by bringing a 
gas mixture of an inert gas,, oxygen and hydrogen into contact 
with a catalyst having hydrogen activating action.* 

[0020] An apparatus for forming such a gas is illustrated 
in FIG. 1 and details of it will be described later. 

[0021] It should be noted that the water content in the 
weakly oxidative gas preferably falls within a range of from 1 
ppb to 10%, with a range of from 1 ppm to 1% being more 
preferred. At water contents not less than 1 ppb, an oxide 
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film having excellent properties can be formed in a short time. 
At water contents not greater than 10%, an insulation oxide 
film having still more improved properties can be formed. 
Particularly, water contents within a range of 1 ppm to 1% 
bring about a marked improvement in current-voltage 
characteristics. 

[0022] (Temperature for forming an insulation oxide film) 
The temperature for the formation of an insulation oxide, film 
is preferably 1050°C or less, with a range of from 500 to 
1000°C being more preferred. When the temperature exceeds 
1050°C / it happens to be difficult to form a thin oxide film 
owing to a too high oxidation rate. When the temperature is 
less than 500 °C, on the other hand, it takes time to form an 
oxide film owing to a too low oxidation rate. 

[0023] (An apparatus for forming an insulation oxide film - 
an apparatus for forming a weakly oxidative gas) In the wet 
oxidation technique described above as the conventional 
technique, water is generated by the combustion system wherein 
hydrogen is subjected to combustion at a temperature as high as 
at least 700°C. The semiconductor element having an insulation 
oxide film formed thereon by the wet oxidation technique, 
however, proves to have limitation in its properties. The 



present inventor searched a cause for it and found that 
limitation in the properties . of the semiconductor device is 
caused by the involvement, in the insulating film, or adhesion, 
on the surface of the semiconductor, of pollutants formed owing 
to the temperature of the water generating portion as high as 
about 1000°C. 

[0024] In the wet oxidation technique, the. oxide film is 
formed using oxygen and a trace amount of water even on the 
order of a percentage. It is. difficult to control such a trace 
amount of water and sometimes, an excess amount of water is 
generated. The present inventor found that such an excess 
amount of water adversely affects the insulation oxide film and 
imposed a limitation on the properties of the semiconductor 
device . 

[002 5] With a view to overcoming such problems, the present 
inventor has carried out an extensive investigation and 
developed a technique for generating water without generating a 
pollutant (Japanese Patent Application Laid-Open No. Hei 4- 
2 6 6383) . A description will next be made of water generation 
by using the apparatus based on this technique. 

[002 6] FIG. 1 illustrates one structural example of the 
water generating apparatus . 
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[0027] An oxide film forming apparatus 100 is formed of an 
oxidation furnace 101 (for example, made of stainless steel, 
but may be made of quartz), a heater 102 for a specimen (wafer) 
109, a gas feeding system 103 and a load lock system 104. 
Here, the load lock system 104 is not an essential component. 

[0028] First, a method to carry the specimen 109 in the 
oxidation furnace 101 will be described. The specimen is 
placed in a chamber of the load lock system 104 . and subj ected 
to vacuum suction for reducing atmospheric components as much 
as possible. An ultrahigh purity argon gas is then introduced, 
whereby the atmosphere is converted into an inert gas 
atmosphere. Then the chamber is carried in the oxidation 
furnace. Introduction of impurities into the oxidation furnace 
101 is therefore reduced to the utmost and -an oxide film can be 
formed in a ultra-pure atmosphere. 

[0029] A description will next be made of a process for 
preparing water and hydrogen free radicals . In the gas feeding 
system 103, argon (nitrogen may be used), oxygen and hydrogen 
gases have been fed and each of their flow rates has been 
controlled by an MFC (mass flow controller) . Water and 
hydrogen free radicals are generated by heating a reaction tube 
105 (for example, made of stainless steel. A reaction tube 
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made of another material can be employed insofar as it has 
catalytic action, thereby being capable of decomposing hydrogen 
at a low temperature) of an inert gas atmosphere containing an 
oxygen gas at any concentration to, for example, 500°C ( a 
range of from 200 to 600°C is preferred, with a range of from 
300 to 500°C being more preferred) and adding hydrogen at any 
concentration. When hydrogen is added in an amount at least 
twice the concentration of oxygen, it is decomposed by the 
catalytic effect in the reaction tube 105 and generates water 
and hydrogen free radicals each twice the concentration of 
oxygen. For example, by the addition of hydrogen at a 
concentration of 5% relative to 0.05% of oxygen, 0.1% of water 
and hydrogen free radicals are generated. 

[0030] The reaction tube 105 may be filled with a catalyst 
such as fibrous nickel. Alternatively, by using the reaction 
tube 105. made of, for example, stainless steel such as SUS 316 
and having, on an inside surface thereof, an oxide passivation 
film composed mainly of a chromium oxide formed, hydrogen free 
radicals and oxygen free radicals can be formed readily and 
water can be generated easily owing to the catalytic action of 
.the inside surface. Such an oxide passivation film may be 
formed, for example, by subjecting the inside surface of the 
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reaction tube to complex electropolishing to R ma x = 0.1 urn or 
less and then heat treating in a weakly oxidizing atmosphere 
which has an impurity concentration of several ppb or less (for 
details, refer to Japanese Patent Application Sho 63-5389, 
Japanese Patent Application Hei 4-16377, PCT/JP92/699) . 

[0031]" (Procedures for the formation of an oxide film) The ... 
water and hydrogen free radicals generated as described above 
are fed, for example, as a gas mixture with argon, to the 
oxidation furnace 101 through a gas introducing port 107. 
Here, it is preferred to heat the gas in the vicinity of the 
gas introducing port 107 to 400 to 500°C by a heater 108 which 
serves to heat the vicinity of the introducing port 107. 
Heating to 400 to 500°C makes it possible to prevent a decrease 
in the hydrogen free radicals generated in the reaction tube 
105, thereby effectively forming an insulation oxide film 
having more improved properties . 

[0032] The temperature of the specimen 109 may be 
controlled by the heater 102 to, for example, 800°C. As 
described above, the temperature is preferably controlled to 
1050°C or less, with 500 to 1000°C being more preferred. The 
oxidation temperature and a mixing ratio of water, oxygen and 
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hydrogen each can be set to a desired value. It is possible to 
use another inert gas such as nitrogen gas, instead of argon. 

' [0033] 
[Examples] 

(Example 1) Examples of the present invention will next be 
described. 

[0034] The gas feeding system 103 as illustrated in FIG . 1 
having MFC 1, 2, 3, 4 and 5 was employed. In this example, an 
argon gas (Ar) , oxygen gas (O2) and hydrogen gas (H 2 ) were fed 
at rates of 450 cc/min, 50 cc/min and 500 cc/min from MFC1, 
MFC2 and MFC3, respectively. The mixture of them was fed from 
MFCS at a rate of 10 cc/min. From MFC4, an argon gas (Ar) was 
fed at a rate of 990 cc/min to the reaction tube 105. In this 
example, the reaction tube 105 made of SUS 316L and having an 
inner surface subjected to electropolishing to. R max of 0.1 p or 
less was employed. The hydrogen gas in the reaction tube 105 
preheated to 500°C by a heater 10 6 was decomposed by catalytic 
action and reacted with oxygen. 

[0035] The gas mixture containing an argon gas and also 
1000 ppm of water, hydrogen and hydrogen free radicals was fed 
to the oxidation furnace 101 through the gas introducing port 
107. In this Example, the vicinity of the gas introducing port 
107 was heated to 500°C by a heater 108. It is needless to say 
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that the mixing ratio of each gas can be changed. As described 
above, the temperature of the heater 106 may range from 2 00 to 
600°C, while that of the heater 108 may range from. 400 to 
500°C. 

[0036] While the Ar gas was fed from the gas introducing 
port 107 and discharged from a gas discharging port 108, the 
oxidation furnace 101 (made of quartz in this example) was 
heated by the heater 102 to maintain the internal temperature 
of the furnace at 800°C. Here, the internal temperature 
(oxidation temperature) of the oxidation furnace may fall 
within a range of from 500 to 1000°C. 

[0037] The specimen 109 (P type (100) silicon wafer was 
employed in this example) was carried in the oxidation furnace 
101 (made of quartz in this example) by using the load lock 
system 104. It is possible to employ an N-type silicon wafer 
instead, as the silicon wafer 109. The present invention can 
be applied not only to silicon but also to another 
semiconductor including a compound semiconductor (ex. GaAs) , 
but is particularly effective for silicon. 

[0038] Oxidation was effected at 800 °C (possible within a 
range of from 500 to 1000°C) for 1 hour. In this example, an 
insulation oxide film was formed on the above-described 
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semiconductor. The insulation oxide film thus formed had a 
thickness of 5.5 nm. 

[0039] On the insulation oxide film, n*-poly-Si was formed 
as an electrode, whereby an MOS diode was fabricated. Instead 
of n + -poly-Si, it is also possible to employ p*-poly-Si or a 
metal as an electrode for the MOS diode . 

[0040] By using the MOS diode thus fabricated by the above- 
described steps, the below-described properties were studied. 

[0041] (Current -voltage characteristics) The current- 
voltage characteristics of the MOS diode were studied in order 
to detect leakage current. 

[0042] FIG. 2 illustrates current -voltage characteristics 
of the MOS diode having an oxide film formed in an inert gas 
atmosphere containing 1000 ppm of water and about 5% of 
hydrogen free radicals. 

[0043] As a comparative example, the characteristics of an 
MOS diode having an oxide film formed by dry oxidation in a 
100% oxygen atmosphere are also shown in FIG. 2 That gate 
oxide film was formed to give a thickness of 5.5 nm. 

[0044] As illustrated in FIG. 2, it has been found that in 
any electric field, the current density of the specimen formed 
in this Example is less than that of the specimen of the 
comparative example, indicating that an oxide film having high 
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insulation performance can be formed selectively by carrying 
out formation in a weakly oxidizing atmosphere. 

[0045] (Isolation voltage) FIG. 3 illustrates the isolation 
voltage of the MOS diode having an oxide film formed in an 
inert gas atmosphere containing 1000 ppm of water and about 5% 
of hydrogen free radicals. As a comparative example, the 
isolation voltage of an MOS diode having an oxide film formed 
by dry oxidation in a 100% oxygen atmosphere is also shown in 
FIG. 3. It has been found from FIG. 3 that the distribution of 
the specimens formed according to this example is more 
concentrated on a high electric field than that of the 
specimens of comparative example, indicating that an oxide film 
having a high dielectric breakdown field can be formed by 
carrying out formation in a weakly oxidizing atmosphere. 

[004 6] (TDDB characteristics) TDDB (Time Dependent 
Dielectric Breakdown) characteristics were studied in order to 
find an electric charge amount to be injected. FIG. 4 
illustrates TDDB characteristics of an MOS diode having an 
oxide film formed in an inert gas atmosphere containing 1000 
ppm of water and about 5% of hydrogen free radicals. As a 
comparative example, the characteristics of an MOS diode having 
an oxide film formed by dry oxidation in a 100% oxygen 
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atmosphere are also shown in FIG . 4. Electric density was 
fixed at 100 mA/cm. 

[0047] As a result of comparison, it has been found that 
the specimen formed in this Example had a longer life, 
indicating that a highly reliable oxide film can be formed by 
carrying out formation in a weakly oxidizing atmosphere. 

[0048] In the above -de scribed Example, the silicon 
substrate employed may be a p-type or n-type. 

[0049] The oxide film was set to have a thickness of 5.5 
run, but similar results were obtained even if the oxide film 
thicker or thinner than that was employed. Better results were 
however brought about at the film thickness of 10 nm or less. 

[0050] (Example 2) In a similar manner to the above- 
described Example 1 except that the gas mixing ratio, that is, - 
the water concentration, was changed, oxide films were formed. 
Their characteristics are shown in Table 1. Each of the oxide 
films was formed under similar conditions to Example 1 except 
for the gas mixing ratio, but it is possible to change the 
conditions which are variable in Example 1". 
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[0051] 
[Table 1] 



Water concentration in 
an oxidation gas 


Current-voltage 
characteristics 


Isolation voltage 


TDDB 


Surface level 
density 


less than 1 ppb 


X 


X 


X 


X 


1 ppb - 1 ppm 


a 


A 


A 


O 


1 ppm - 1% 


© 


© 


© 


© 


1%to 10% 


O 


© 


© 


© 


exceeding 10% 


A \ 


o 


o 


A 


Conventional example 


x x 


X X 


XX 


XX 



Current -Voltage Characteristics: 

©: Excellent O: Good Z^: Fair X : Poor XX : Very poor 
Isolation voltage: 

©: Excellent O: Good A: Fair X: Poor XX: Very poor 
TDDB: 

©: Excellent O : Good A : Fair X : Poor XX: Very poor 
Surface level density: 

©: Excellent O: Good Z±z Fair X : Poor XX : Very poor 
[0052] 

[Advantages of the Invention] As described above, the present 
invention makes it possible to selectively form a high- 
performance oxide film in a weakly oxidizing atmosphere so that 
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the present invention largely contributes to future ULSI device 
manufacture which requires a high-performance thin oxide film. 
[Brief Description of the Drawings] 

[FIG. 1] FIG. 1 is a schematic view illustrating an apparatus 
used in the present example. 

[FIG. 2] FIG. 2 is a graph illustrating current-voltage 
characteristics. 

[FIG. 3] FIG. 3 is a graph illustrating isolation voltage 
characteristics. 

[FIG. 4] FIG. 4 is a graph illustrating TDDB (Time Dependence 
Dielectric Breakdown) characteristics . 
[Legends] 

100: Oxide film forming apparatus 
101: Oxidation furnace 
102 : Heater 

103 : Gas feeding system 
104: Load lock system 
105: Reaction tube 
106: Heater 

107: Gas introducing port 
108: Gas discharging port 
109: Specimen (wafer) 
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Fig. 4 
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i>A»k*illSti-5. 
50 . [0 0 14] *fBW*l±. -bSBJtSi^So'S, 



(3) 



O <BB8¥6-3 339 18 



3 

# * t 7K«a8H£S 2: *m £ * & ft 3 »BMb&& 
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i t K «k y 3y£-tt L «> <3 & m v > -5 - 1. A W * L n . 
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[0021] *i«."inWbtt#**l£SttS#£St**: 
lppb~10Xi:tl>wttfS*l/<, lppm— 1 
XttSCttf-tUfftL^. 1 p p bJJLhfc-T-Swi: 
K*U. «ttCQ«ft*:HWbB©3Blft«:iB«ra-Cfl-5 = i: 
A»-C-^5o 10%J^Ti:r5ifc»C<fcyiy^ 

' cDfiixfeias^bigioD^fia^fiitfta. »k. i p p 

[0022] (*&&fittbS0&&&§D $fclSE&<bBI<Z> - 
SSfcLTl*. 5 0 0-1 

OOCCA'iiJffil/K 1 0 50t:£:@x.§i:. Stfb 
i&£ < ft »J -T *»t >&<bK<Oj&fi£ri*e?S i: ft * 

5 0 0r*?i-ei4^b^E*^^iS< K'fbS 

[0023] ummtsma3m-m<t^^<o± 

4?tt-5**HS£l±, 7 0 0 *CJJLhO?S5a-C7K^ 
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20 **)ft^. 

[0 0 2 8] $fei*. BWbF10 1rt-^fflKf*10 9CDK' 

,t. stfbiFi o i rt-^©^p*e^©sAi±. g^j-isMs 

[0 0 2 9] »;v^■t:% 7jc^-S.t/7j<^<Z)fiH±aoSi3t^S 

y. -tix-fttM f c (7^7'n-3vhn-7) -easg 
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[0 0 4 0] JiiTicisaxa-c^BSLfeMOSir-f^-- 
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P m. 7]<^OTStta. s%a«o-f^- h*f*SH*"e 
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